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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for 
fabricating a semiconductor device in which low power 
consumption and high speed operation can be realized 
while suppressing short channel effect 
SOLUTION: When the source-drain diffusion layer of an 
MOSFET is formed, a gate electrode 13 having a sidewall 
is formed at first and In or As ions are implanted from a 
direction aligned with the orientation face of a substrate 
1 using the gate electrode 13 as a mask thus forming a 
deep SD region 24 having a channeling tail of small 
concentration gradient in the depth direction of the 
substrate. Subsequently, a source-drain region 25 is 
formed by ordinary B or As ion implantation. The sidewall 
is then removed and ion implantation is performed in 
order to form an SD extension region 26 and a pocket 
region 27 before a sidewall 28 is formed again. A deep 
channeling tail is formed by channeling ion implantation 
so that a low substrate concentration can be employed 
thus reducing thejunotion capacity and junction leak 
current of an MOSFET. 
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1 

[ttftM*©«B] 

[»*aij MOSFET**,-r*¥#r«SB©fii6 

y- r-«a$#T*y- h«ss»Btt*» i ©is 

t. 

V-X' FW>*« (^^-ySDfRKt) *J»jftf4 

Jg2©iSi:. 

-rSD««J:Dt>«I^V-X • HM>«« (SD« 
*) $#«T$»3©l8<t. 

*>&AU MESD«8J;9%av>y-A ♦ HH> 
X*Af >->3>S* (SDI?Xf>->3>UI«) * 

ME S D If X F> a >B*©M»fc'f * >ttA U 
#4ry h«8*«MW*»6©lS£:» 

*Ey-K«i*in*i/fey-h«itwy- his 
s»fiu-r*»7 ©is tea^ca** c ts^atr 

t»**2] fidEayw-^sDawsjgiaiT^-r* 

©Efaffi©#«:i:BfcStt. C*ifeJ:0-^i'*U>yt 
»£3-B-Tj)tEy-<-:7SDffl«fr#J«T.&, BjfcJfll 
tcE»©**#feB©Sja;!»Ji. 
[H*S3) «TEx-<-ySD««©-f*>ttX»C> 
I nXttAs-f^iSAT*. »#* 2 fcE*©¥8r 

r*StSCOSifi*ffi. 

IB** 4)' ME*y.<-^SD«**»B8t-6-f* 

>aAxstt, ttAatissB&aicaaitfttwrt&ti 
Tv>av»wrcffa» b^i-~8o*#uwcbb;©* 

t»#«6] 8tiEwy-<-ysDfln«*jpjt-r*'f* 

S(0-f*>axi8T»*i »*^l~4CDWn*»teE 

t»#j«6] gjEy^-ysDSKs^fifc-ri-f^v 
baiswu a«aafe«Ti o ot^TKtTfrs, 

M#* 1 ~ 5 ©fcm*teE«©*BfcBB©Sj9:&B, 

[19*® 7 J MOSFET*tnW#»il:*H 
T. 

y-ma*wr*y-h«at, raB¥B#a«©B 

By-h«tt©WfllC»dtiSftfcV-X- HH>tt 
V-A • >B«a>&»SEfc¥fTfr#iajlCttSS 
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2 

fiUET-f-yv-X • KM>fMtt. S8iiBi¥fT& 

[BaoBB&KB] 
[000 13 

* ¥Btt8«©8i»#« i: w-r « . 

[0 0 0 2] 

[«*©»«] * B#Bfi©i«*tt{t. ftafHBSZMc 

ffl»**ft©saifc»n. MosFETomjas^-e-© 

[0003]B4(a)~(c) ffit/CHS (d) ~ 
(f) 11, #M2 0 0 1-1 5 745lflwE«3ttfcft 
*©¥»*BB©»ifcfrifcfcJH*C*UT^S. SfcT, 
J9 v'jn>S«©«i8fc, tfxjk 

»:*-ri^»c. y-KBfliBi 2. y-r-ta«i3»oc 

y-hfflB (tM W*-M i4£Stry-h««B 
jfl*'>U3>*«l l©*ffi©Bf«&«»CJgfi)t-«-4. 
t0 0 0 4j#wc. BI4 (b) \Zj*?&?\Z< SAft 

ft*toa©-f*>ffiAis&r/s»«ia (rta) isic 

J:t>T. ->'Jn>Sffil l©$ffi»#fc:V-A • KM" 

> (SD) X0 Ar>->3>ffi*l 5*JBfifc-r-5. 31* 

raa (o ic*T«t5»c. aHR«&xt:**->* 

r<-f-y HSD««1 6ttt. S«»tBS©ftK (5 

4. 7«) «jst7rt^n 7ww«*ix» y-na 

ai4t77-fey M 7t©Wic»iaii 8!»sf^6n*.. 
[O0O5]*v»T,.B5 (d) K:^-Ti5»c> BMi 
8*>&$r*>&l&Hc, nMOSFET©«-&lrilI n-fsi- 

> (pSITfl«l) Sfc. pMOSFET©«^lttt 

sb-f*> (nB^««j) &*^aA-r*AD—r^> 

ttA (*y-yh'f*>aA) *«V>. SDX^Ar>-> 

^ 3>mmis<otismiz> ad-b« 1 

9*»fiKf*. ^*>ftA©^|fiJtUT, 7rtyM 
7©ft«J:0t)*V»HiR©ft«a*<«fflSn*. C©-f 
*>ttAC<ko-C»«StlfcAn-««l 9»i. y-h 
*tt 1 3 ©TWrCE DiiA;fc*SDX^AT>-> 3 

1 5 ©»*»») **r>t;H/Tv>*. 

[0 0 0 6]^?, @5 (c) IC^ti^fc. ->'J3 
>B<k«©4B*8. R I E«?«r#JrlLfcv"j3 

>aftw©aiR«xv?->yi:«fco-c, y-h«Ki4 

©fflB««-3y-HiB2OSJ0«r*. 5I4B*. y 

» -h«a2oe^try«-h«««jatiesdM»:-f* 
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3 

t, a*©v-x- FM>-«*<fcofcBv>y-.* • h 

(x^-ySD««) 2 1*»Bm>. M 

ic. £acT!*coa©aaB**au aaac* 

&£ttTa**"J'tf"f FB2 9 SJgjRl/, ISJH (f) i: 

(0 0 0 7] 0 6&tfB7tt**, (atoas/c 
i 8 ) fcV-X- KM>iS«H©a&«« (Farad) S 
tfafty-faa (A/am 2 ) tOH«4*-ry77 

«mL-TV>%. cnSwaK^Sn^A'ilC. -ttHM 
O S F E T©lM*aK©«»fl;©tttf i fc*a&«B. 
Rtf. MOSFET<0«»*»*it^S#, «Utt, 8 
*)VJ&*fc 91 *fi£*M O S F E T ©aa U 

a»*» s«*«^»unr5caoT^*»io-r*ci:»* 

V • K t"f >8ttB©ifi#©8«»«*Ttf * C t 
*t, MOSFET©4*tt©l*l±t^Bj^-C»*. C©£ 
«B8*Ttf*fc*»C«E7 f >r-7'SDa«2 1 t>W& 

[ 0 0 0 8 J 0 8 tt. ±ffiae*<0*3»«:SSB<D«iij*J£ 

7 7-f)W*«^l<TV>*. 1>*?97q>f*As<!>*4ry 
M*>iSAt::«fc*-faJ->Ba7"n77-f;H£^L. it 

5 7©~©tt, toax*;P*-ftO. 5keV~4ke 

V i«A icaATfrd?^ -7* S D««#lS©fc«>©B 

-f * A fc <fc 5 -f * >*S 7"n 7 r -f * UT V» 

r-f^J-ISAB, SDX**^* 

44T*H«<ft>n«A8 -f *>©i£A<!:LTfTfc 
fU -f*>©»jSX*^*-tL.Ttt, SDI^7r> 

aiisx*;p*-*<»jesn*. n©As-f*>«, sd 

3>**T*<«)©aflE^D77'f^«: : Srr*. HSW3V> 
T. As ©aS^*^T^?70>i:, B©a*#5f»»* 

^t*y7 7©~®i*i«a'r5ttaTv **#©•<#> 
ffiA»i***«a)&^*>-t:^snft. aa© 

C©Sf^fclT©«*««-Ctt. M*>£A«C* 

anax*^*-£flfflLT. *D»v>r-f-7'SDa« 

fcfcjfctSilfcT, #7-y r-f:t>£Afc.}:**«a« 
©±&**IeI»TS<E>. 
[0 00 9] 

(»W*taifeU<k5i1-*affl] J:E©<k5lc, MOS 

f e Ti6»©a«aa*Tvf raftsasyas y 
a«*aar*^©fctt, tV-7*sd««2 i*a# 
r*&©©^ *^ffiAK*#*aoax*)i>¥-sta*$ 
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4 

«W8<ux. ««rtfc:*ifr7*x>r-7's£>««2 1© 
(0 0 101 *ICr-<-7'SDaa2 l^fi)5© 

fc©©-< *>ttAii*tt5imax*;mf-*a»* n t 

li, f-f -7*S Dffl« 2 1 flfciSUT 1 E 1 9 c m^U 

±©^««aa5WT*w»©wafa:a)0»»< &s - 1 

tetn*, ^e^»ax^;W*-lcJ:o-CJ''J3>afirt 

loo 1 1] *&, xEfearo^afcaBwaa^aT 
«, r^-7"sDaa2 i©»«»icff^attftaffla 
c*t)T. sDxi'T.xv^a^aai 5©^«a*»a 
afttry-haai aTicstwatv^iaia* 1 * 
<s>. icu. sDx?x^>va>«ai 5©a*<o* 
5*-f-7SDa«2 i©stt-fbajaa* 

*#&«sat»&nfcn. £©«#£«, $Hfy«M 
Ha*^©a»«»*^-7SD««2 i©aa*a 

£©ffi£fc!»*ia-ett, sdxj^t 
>-> 3 >aai 5©i6*<o©*iiwt, r-r-T'SDaa 

2 l©fcA©as#fcH?£©W«fca». ^to«i5M'-H 
*7©M«fc**. 

(0 0 12] -tEIC8*. SDI?Xf>v 

3 >aa©ttd*o©«iwt, ■5 i ^-7*sDa«©56»» 
aa©«ai«wst*«*i:«5:, rik. mosfet© 
iaaic**t***#»«©Ti»4!baa*««-r% a t\z 
i. -d rtt^saa xf aft u - * «a^a»T s 
»a©»a*St*a»^. b^T, ji^Y^^aa^w 
susn. io, aa^ajTJTJra^MosFET^-r* 
jv ¥a«:aB©««^j£SfflaT*ct€rawtr*. 

[0 0 13] 

[»H**m-f a&»©^»] ±E@«*»ai"*fc* 
ic> *aaic«*ipa«aB©aa»aii. mosfe 
T***s#«<*8B©«ia#aiwfcv>-c, y-^aa 
sar*y-haa*»fiRT*»i©xai:» MEy- 

Hu-f>a« (r-<-7 r sD««) *aat*a2©i 
ai. aEy-bma*v^i7 tuT'f*>ttxu, «i 

E7 t ^-7*SD«««t0t)aVJV-x- HW-f>ffl« 

40 (sdb«) sraaT^aswist, aoE^-baa 

ESDa«<k0t>av>V-^- HV"f>X^^r>v'3 
(SDX^Xr>^a>a«) 2r»fi)tT«>a5© 
ISt. S0ESDXi7Xf >"> 3 >««©««£'(:*> 
aAU. r-«*4»J«t*tB6©l8t, WSB-y 

-vaaaaaufey- K«ait«t;y- haa*»i* 
•r %s 7 ©is t sa^icaA* c t «rt$a 

[0 0 14] *891lCft&**ttgB©H&£ttCJ:« 

SO t. 7 ; -<-7 , SDa«fBfi)e©t©©'f*>liA€:. SD 
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5 

7*S D«JlWgfifc©fc«>©-f * >&K\zmz&\x.*)V 

^-7SDB«©*#ft«ci©«fici:«:lii3a: 
S-li-*C:i:*<«ft»C^%. Sfc, MOSFET©jfi6Ste 

[0 0 15] *»HUft$¥«#8K®fiifi£$®ff£ 
UMMTH. IDElS7 J -f-7SD««*#filf«-*'f:* 

h««#fiK©fc»KK #>aAlC$fcJttoT5V -7*S D 
ffl«Jgj5ii©£©©<f *>ttA*fT?Bj* t *0ftfT8ffl 
-faCfcCioT. r-f-ySDBBBlfc©**©** 

* u > y-f * >&a ic* viT» k:jRv>ttB'NO'f * >a 

•iM/m^M. *&. -f*>£A»aeHT*a«©t& 
fl*Bt>ft»-c**. ^^u^-f^aA-ei*. 1 

[0 0 16] «B«?^-^SDffl«*»ft1-«'t*> 
ffiAISH, ttASft*a«BBK:Bfl:K<f©IBfl«*» 

fc'KB«fi9-r*>ffiAjmanTv>&v>iR», a 

u. r©*£, ftA*na-f*>fcov>T, flttrAo* 

# own* en* tat, aiBx*;M £ -«:SHcf«< 
T*;:fc£<;*:$fciiAB«*<»&n*. ir-c, r* 
flWJSBSW-f^aAj ttt. 7x;U&jft©&©<?© 

Bv*Bo^*>ttA*»i*tfa*©-r*>ttA-e*» 

[0017J ME»T<f-7SD«B4*firr* 
«*BCK. Kf^->aAJia«BB**T10 0"Ctt 

TtcbTfT-5£i#»*uv>. ccD*3c-r*t, as 

[0 0 18] Kfc, MOSFET*#t*¥ 

.j9jE*B.r*a«©Bey-- h««<D(S«fc»Ba y 



ftR2003-3 1798 
0 

»*Snft*^ry hB«t. lUEy-X- KHMM 
iOtBV^^-yy-X • HP-f ^B«t€r«U fill 
Er-<-7*y-X- HW'f^BBtt. 88iBji:¥fTfc# 

#«i*$¥*#ISB«ffl«'r*. 

[0 0 1 9 J *«9J© i M»r*8Bli. JtB*$gW©¥B 
(M&BOBffltfteKJ^TBigTS, V- >• 

*. 

[00201 

[?6W©*JS©#ffl] EAT. BffiSBBLSJeWfflSfffi 

a3waj»»wca^v>T*«w«:3eicfiranc»wT*. 

HI (a) - (c) BtCfcP12 (d) Stf (e) tt, * 
»B©-3im#B«lcB*¥*T*£B©aiSlS*«c* 
H*T*5l<*:»B©»r®HT»*. ft*, CtlZOBT 
tt, pMOSFET©rai*«**«tUT*UTU*. 
•t©lB&H3l::70-?-*- r-iUTSUTH 

[0 0 2 1] *T, 01 (a) e»fj:3fc. ->ua> 

*#B«*2 2*#j£U (S3 '.Xfy^Sl) . C© 
B^»B«*2 2liJ:-5T, ->'Ja>a«l 1*£R© 
MOSBBBtttrKlf-rs. dttfcSMOSJ&BBBK 

pffl^W&l^i'RtfnB^Wtt^^fcftA 
U p-7X;V (B^r) &tfn-7X*2 34SMJI 

(X^y7S2) . nS!?Kttlt P (») 
U. i!l!3Sx#;!/*-.fcLTl 0 0~1 5 0 k eV. K— 
XBi:LT2E13cm- 2 SKSSfflrS. . P 

LT100~15flkeV, H-XBtUT2E13c 

[0 0 2 2] &MOS#fijEB&lt, CVDfc62iW7*r- 
ijy^7 7-fii&««L-T2 0 A©RB©y-bRftK 
12*»a-TS (Xx^7S3) . 9ltttc»» CVDtfc 
CioT, 1 0 00 A~2 00 0 AWBJPWsK'Jv'ja 
>B*±ffllC*«l/. Z.HZ0. 1 vmJV-JHOmm/l 

1 <img«©y-h«ffil 3 6»J*-r* (Xts»7*S 
4) . HK, CVDjSlC*t>T8 0 0A©KW©->Ua 

3©fcft©fl!ia (-t-f K**-A) 14tf* (Afv 
7S5) . cnfcioT, 01 (a) lC/Tt«jfi€r^ 

[0 0 2 3] 9IBMB. HI (b> tc^1-«t'5lc. TA 
-7SD««2 4®{S©fc»©-f =r>ttA«ffO (Xf 
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7 

h V A t> t UT £ ES^MK-f * > *S A 
U S« 1 l ©EiSlffi (110) t&&V1l$§L 

(o e > ±0. 6* ©aareo&ASf?^. *^ai*r 

tt. S«<DEfiiSfcRSLfc^#>i£A4?**'J>7' 

pMOS FETTtt I n nM 
OSFETTttAsXfcSb'f^fc&A't*. JjuSx 
*;V*-tt, pMOSFETffl«'&liIn?15 0ke 
V. nMOSFETrof^USbtl 3 OkeV. As 

5E 1 3cb" 2 T&£. ?^*'J>^ttAICH8l/T, pM 
OSFET#J*W*'s«>i£AWk:«, nMOSFETIg 
SfcWKfcl/yAhSlfci'sTTXi'U *fc. nMOS 
FETte&WH^oaAttfctt. pMOSFET»*« 

>f&Afc:«fcoT\ y4-7SDffltt2 4©£-0»« 
»i, 1 0Onm©«Sffi«CfcO. -tOiBSttWlEl 
7al0Bs/ci 3 T?**. 

[0 0 2 4] **»»»Wk:*)H'*5 L Y*U>yttAT 

aaeiD-f *>ttA*<Ric«$nTV5»vnt, sat* 
»^na«»*'f*^aA*mtoti*fc«», a&nar 

-f -7"S D*«2 4 \Z*^XWfl?**i) >?7—)V 
**»J5RSla*. "PSO, r-f-7SD«*2 4WtKBSfJ 

**»ftfcte>W'J\3ft?**y >ef*-JWWI6ft*. 
ft*. C05t*0D?V*'J>^ttAK:«tr3T. l/*)Zl> 

astRi 1**7*^7 7Xftrr**-t-n*ta*a:*»£tt. 
<s>. 

(0O2 6]^V>T, Bl (c) (Caft*J:3fc. WtttlC 

OSFETTlJBXW;BFt'f:fr>&i£AU nMOS 
PETTttAsXttSb-f^VfeSAUT. 
A« FM >fR«2 5$$]$?$ (Xf-y7*S7) , ffi 
AftSWO* T»*. V-A- FH >««2 5»i, « 
gl4®TlWc£T<*>WfctJ£fcfc«k?T, 7 
4 -7S Dffl« 2 4 J:*) ty- h«fil3 fiStCiS tfTJB 
#2tX, *fc> 7V-7SDffl«2 4<k0t>a^ttSK 
»jfcSft*>. &AX*.»V*-«. pMOSFET©*£ 
BT2-3keV, BF2T10-15keVT 
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*0, nMOSFETO«*l:li A8«2 0~4 0k 
eV, PTM 0-2 Oke VTfe*. V>1*ft©«6lc 

F-XSli, IE 1 5-5 El Scb" 2 T»%. SD 
«t*<D*«4&«Stt. K- fffl^tt 1 E 2 1 - 5 E 2 1 
aloBs/cia 8 T& <0 . 1 0 0 nm©8?SttBTW 1 
E 1 7atoas/cB 3 Tfc*. 
[0 0 2 6] SKftXy^T'fcfclfflUT. H2 
(d) lc*?,k5K. ^-h«Sl 3©fliao«Hi 4 
(At-?7S8) . »S. £<D*-F«ffil 
/0 3*'7A*i:UT@B«£«K'f*>ffiA«:fT'3T, S 
DXi>X^>->s ><R*2 6*»*f* (A^y^S 
9) . &AASH0' SDX^AT^VaXI 
*26l*. 7-X-HW^I«2 5J:na<l^ 
V^***"*-*. SDXi'Af'>^3>««2 6##© 
fc»©ffiAX*;^-W. pMOSFETCD»£tt, B 
TttO. 2-1 keV. BF2T?»*2-5 k e Vt* 
0, nMOSFET0*£tt. A s T 1 -4 k e VTJ* 
5. Vim<!>«^fe. H-A*»i5El 4-1E1 5T 

20 [0 0 2 7) Sfc. H2 <e) PMOS 
FET»J5&**fctenS*ttfc«;v nMOSFET»sS 
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